Background: Animal products contribute significantly to the saturated fat and cholesterol content of the American diet. Contrary to dietary advice, consumers have not limited their consumption of animal products. Thus, an alternative approach might be to modify the fatty acid composition of animal products. Objective: We tested the hypothesis that modified pork with a high content of polyunsaturated fatty acids (PUFAs) and a low content of saturated fatty acids (SFAs) would lower plasma LDL-cholesterol concentrations in women. Design: Twenty women aged 19-24 y completed a crossover study with 2 diets. Nutritionally complete diets containing 42% of energy from fat differed only in the inclusion of either standard or modified pork. Venous blood samples were collected at weeks 0, 4, and 8. Results: The diet containing modified pork significantly lowered total plasma (P < 0.0076) and LDL (P < 0.0382) cholesterol. The modified diet also resulted in an increase in the PUFA and a decrease in the SFA and monounsaturated fatty acid contents of the cholesteryl ester, free fatty acid, phospholipid, and triacylglycerol lipid classes in both plasma and erythrocytes. Plasma concentrations of glucose, insulin, triacylglycerol, and free fatty acids did not change significantly. Conclusions: Consumption of pork with a high PUFA content resulted in a decrease in the subjects' total plasma and LDL cholesterol and shifted the fatty acid composition from SFAs to PUFAs in the plasma and erythrocytes. Modification of the fatty acid composition of animal foods will be a useful approach to lowering the saturated fat consumption of Americans.
INTRODUCTION
Cardiovascular disease is the leading cause of death in the United States. More than 961 000 persons died from cardiovascular disease or stroke in 1998 and > 58 million Americans have one or more types of cardiovascular disease, such as hypertension, coronary artery disease, stroke, and rheumatic heart disease (1) . Some of the risk factors that can be modified to reduce the chances of developing cardiovascular disease are concentrations of LDL cholesterol, HDL cholesterol, and triacylglycerol. One method used to control the concentrations of plasma lipids is to limit the amount of dietary fat and to control the specific fatty acids consumed.
The dietary energy currently consumed by Americans is composed of 33% fat, 15% protein, 50% carbohydrates, and 2% ethanol. The dietary energy from fat consists of 13% saturated fatty acids (SFAs), 13% monounsaturated fatty acids (MUFAs), and 7% polyunsaturated fatty acids (PUFAs). The average daily intake of cholesterol is 277 mg/d (2, 3) . In the United States, 88% of the population consumes meat, poultry, or fish (3) . Pork accounts for 29% and beef accounts for 50% of the total muscle foods consumed (3) . All animal products collectively provide 56% of the total fat, 74% of the saturated fat, 70% of the protein, and 100% of the cholesterol consumed (4) .
Manipulations of diets that decrease the total fat content or substitute unsaturated vegetable oils for saturated fats result in reductions in total plasma and LDL-cholesterol concentrations. These changes indicate that dietary reductions in saturated fats achieved by substituting MUFAs and PUFAs decrease concentrations of total, LDL, and HDL cholesterol (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .
We expect that consumers will continue to prefer to consume traditional food products, such as pork. Therefore, we evaluated the dietary effect of one variety of redesigned pork that contained higher amounts of PUFAs and lower amounts of SFAs on selected indexes of lipid metabolism in college-aged women.
Swine Breeding Farm. Ten barrow pigs were divided into 2 groups. Each group was fed a different ration as listed in Table 1 . The standard pig ration is typical of current farrow-to-finish farming operations in Iowa. The modified pig ration was supplemented with soybean oil so that 40% of the total energy in the ration was from soybean oil. Defatted, dehulled soybean meal was added to increase the dietary protein content to the amount recommended by the National Research Council (16) . The ground, shelled corn was adjusted to attain the desired energy content. The pigs weighed 16 kg at the initiation of the regimen and were fed for 90 d until they reached Ϸ110 kg. The pigs were then slaughtered at the US Department of Agriculture-inspected Iowa State University Meat Laboratory. From each group of pigs, boneless pork chops were saved and the remainder of the edible meat was ground and mixed to Ϸ18% fat content and then frozen and stored until used to prepare the experimental meals for the human subjects. Lard was rendered with the inclusion of butylated hydroxyanisole and butylated hydroxytoluene (Alferi, Little Chute, WI) at 110 mg/kg lard. Lard was stored at 4 ЊC until used to prepare the experimental meals.
Subject selection
The Iowa State University Human Subjects Committee approved the procedures for the human experiment, which was conducted in the metabolic unit of the Center for Designing Foods at Iowa State University. Twenty-four women aged 19-24 y were chosen after the assessment of multiple factors as listed in Table 2 . The experimental regimen and the responsibilities of the subjects were explained to and discussed with all subjects. Subjects signed informed consent statements. Experimental groups were assigned so that the following variables were matched: initial concentrations of total, HDL, and LDL cholesterol in serum; body mass index; and waist-to-hip ratio. Three subjects dropped out of the experiment during the first week and one subject was dismissed. A fifth subject completed 4 wk and then withdrew from the study. Subjects were instructed to eat only the food provided. Use of oral contraceptives was suspended 1 mo before the experiment and during the 8 wk of the experiment.
Experimental design
The subjects were free-living throughout the entire study. All subjects were requested to maintain a dietary log of their selfselected diets for 7 d before the start of the experimental feeding. On Monday through Friday of each experimental week, the subjects consumed all meals in the metabolic unit. After the Friday evening meal, the subjects were given meals for Saturday and Sunday in microwave-safe containers. The experimental design was a balanced crossover design with 2 diets (4 groups). Each combination was represented in the 4 groups. At week 0, the subjects were divided into 2 groups and fed complete diets that contained either the standard pork and lard or the modified pork and lard with a high PUFA content. After 4 wk, each group was divided to yield 4 subgroups. Two subgroups continued to be fed the original diet (standard or modified) and the 2 remaining subgroups were crossed over to the other diet. All experimental regimens were continued for an additional 4 wk.
Experimental diets
Dietary composition was calculated by using NUTRITION-IST 4 (version 2.0; N-Squared Computing, Salem, OR). The calculated composition of the standard diet was used to develop 7 menus, one for each day of the week. The same menus were used throughout all 8 wk of the experiment. The menus consisted of common foods and met all recommended dietary allowances (17) . The lard and meats from the standard and modified pork were the only sources of fat used in the recipes developed. The calculated diets contained Ϸ8368 kJ (2000 kcal)/d. For each diet, an extra plate of every meal was prepared and 
Anthropometric measurements
Height, weight, total-body electrical conductivity (EM-SCAN, Springfield, IL) (18) (19) (20) , and waist-to-hip ratios (21) were measured at weeks 0, 4, and 8. Body weights were recorded weekly to ensure that the subjects maintained a constant weight. For the 6 subjects who lost weight over 2 consecutive weeks, extra muffins containing the appropriate lard were given daily until completion of the experiment to increase energy intake.
Preparation of plasma, platelets, erythrocytes, and lipoproteins
At weeks 0, 4, and 8, the subjects fasted after the Wednesday evening meal. All blood was collected on Thursday mornings. Clinical blood chemistry measurements (Metropolitan Reference Laboratories, St Louis) were made in serum. Complete blood counts were measured in EDTA-treated whole blood (Metropolitan Reference Laboratories). Additional EDTA-treated blood samples were collected for analysis of plasma lipids, lipoproteins, and plasma metabolites. Erythrocytes, platelets, and plasma were separated in clear polypropylene 15-mL centrifuge tubes as described by Garcia et al (22) . The platelet-poor plasma samples were transferred to new polypropylene test tubes and 3.0 mL was saved for lipoprotein separation as outlined below. The remaining plasma, erythrocyte, and platelet samples were layered with nitrogen gas and frozen at -80 ЊC until analyzed.
Lipoproteins were fractionated by the sequential flotation method of Havel et al (23) and Lindgren (24) . The saved 3 mL plasma was placed into thick-wall, polycarbonate (13 ϫ 64 mm) ultracentrifuge tubes. Coomassie blue (20 L containing 50 g/L) was added to a reference sample. The samples then were layered with the appropriate density solutions and placed into a Beckman Ti 50.3 rotor and centrifuged for 18 or 22 h at 109 000 ϫ g and 18 ЊC (L8-M or L3-50; Beckman, Palo Alto, CA). Densities used for separation were 950-1006 g/L for VLDL, 1006-1063 g/L for LDL, 1063-1125 g/L for HDL 2 , and 1125-1210 g/L for HDL 3 . After separation, the lipoprotein fractions were collected and placed into graduated cryogenic storage vials (Perfector Scientific, Atascadero, CA), layered with nitrogen gas, and frozen at -80 ЊC until analyzed.
Analytic procedures
Composite daily food samples were weighed and homogenized at 4 ЊC in a blender equipped with a temperature control coil (Waring Commercial 4 Liter Laboratory Blender and 4 L 2610T coil; Waring, New Hartford, CT) connected to a cryogenic cooler (model 2050; Caron, Marietta, OH). Two weighed aliquots were collected, one for proximate analysis and a second for determination of fatty acid composition. The first weighed aliquot was frozen, lyophilized (Virtis, Gardiner, NY), and stored in a dessicator at 4 ЊC until used for proximate analysis. The samples were digested in 20 mL of 18 mol H 2 SO 4 /L and 27 mmol SeO 2 /L at 420 ЊC for 1 h in a Kjeldahl digester (Tecator, Höganäs, Sweden). Nitrogen in the digested food sample was assayed by the method of Chaney and Marbach (25) . The nitrogen concentration was multiplied by 6.25 to yield total protein in grams. Fat was extracted from a weighed portion of the lyophilized samples by the method of Folch et al (26) with chloroform:methanol (2:1, by vol). Optima grade solvents (Fisher Scientific, Chicago) were used for all chemical analyses. The lipid extracts were filtered through sodium sulfate on filter paper. The solvent was evaporated from a weighed beaker on a steam table. The lipid content was determined gravimetrically and the carbohydrate content was calculated by difference.
The second weighed aliquot of the homogenized food composite sample was used to determine fatty acid composition. Lipids were extracted by the method of Folch et al (26) with minor modifications. First, 250 L of 3.7 mmol heptadecanoic acid/L ethanol was added to each sample as an internal standard. Samples were saponified with 6 mL 5% KOH in 95% ethanol for 1 h at 80 ЊC. Nonsaponifiable lipids were extracted 3 times with 5 mL petroleum ether and saved for cholesterol analysis. The remaining saponifiable lipids were acidified with 2 mL of 12 mol HCl/L, and the fatty acids were extracted 3 times with 5 mL petroleum ether. The fatty acid methyl esters (FAMEs) were prepared as described by Morrison and Smith (27) . FAMEs were analyzed by gas chromatography on a gas chromatograph (model 6890; Hewlett-Packard, Palo Alto, CA) fitted with a highly polar, polyethylene glycol DB-WAX capillary column (J & W, Folsom, CA) that was 30.0 m ϫ 250 m ϫ 0.25 m. The injector and detector temperatures were 250 ЊC. The oven temperature was 200 ЊC. Helium velocity was 35 cm/s and the split ratio was 1:50. The order of elution of FAMEs on the gas chromatography column was confirmed by positive chemical ionization mass spectrometry with a Fisons Trio 1000 gas chromatograph-mass spectrometer (Thermoquest, San Jose, CA).
The erythrocyte fraction was prepared for analysis by adding 1 mL of 9 g NaCl/L to the 6 mL of the erythrocyte fraction, which was layered with nitrogen gas and sonicated for 5 min. Next, 25 L of 7.4 mmol heptadecanoate/L ethanol was added to the 1.0 mL of suspended platelet samples as the internal standard. Then 50 L of a mix of internal standards in chloroformwhich contained 2.4 mmol triheptadecanoin/L, 3.1 mmol cholesteryl heptadecanoate/L, 2.6 mmol L-␣-phosphatidylcholine diheptadecanoyl/L, and 7.4 mmol heptadecanoate/L-was added to 0.5 mL plasma or to 7 mL sonicated erythrocytes. The lipids were extracted with 2 mL hexane:isopropanol (4:1, by vol) (28), followed by the addition of 1.0 mL of a saturated sodium chloride solution. The samples were centrifuged at 1000 ϫ g for 10 min at room temperature. The supernatant fluid was pipetted into a clean tube, the bottom layer was extracted twice more with 2.0 mL hexane, and all fractions of supernatant fluid were combined. The plasma and erythrocyte lipid fractions of supernatant fluid were separated further into cholesterol esters, triacylglycerol, free fatty acids, and phospholipids by a modification of the method by Hamilton and Comai (29) , which uses sequential elution of lipid through silica solid-phase extraction cartridges (Alltech, Deerfield, IL). All lipid fractions were evaporated to dryness at 37 ЊC under nitrogen gas and were then saponified by adding 1 mL 15% KOH in methanol, layered with nitrogen gas, and heated at 80 ЊC for 1 h. After the tubes cooled, 2 mL H 2 O was added, followed by 1 mL of a saturated sodium chloride solution. Nonsaponifiable lipids were extracted 3 times with 2 mL hexane and discarded. Congo red pH paper was added to the remaining bottom layer, followed by the addition of 1 mL of 12 mol HCl/L.
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The fatty acids were extracted 3 times with 2 mL hexane. The supernatant fluid was collected and dried under nitrogen gas, methyl esters were prepared, and the samples were analyzed by gas chromatography as described above.
Cholesterol concentrations were determined enzymatically with Sigma kit 352 (Sigma, St Louis) from the nonsaponifiable fractions of the homogenized food samples. To solubilize the food sample, 1 mL of 10 g Triton X-100/L in 2-propanol was added to each sample, standard, or blank. The samples were dried under nitrogen gas and resuspended in 10 L 2-propanol. Blanks, standards, and samples were prepared as directed by the instructions in the kit. One milliliter cholesterol reagent was added, samples were incubated, and absorbance was read at 500 nm. Cholesterol concentrations were determined directly in plasma and lipoprotein fractions with kit 352. Triacylglycerols were quantified with kit 334-UV (Sigma). Glucose was measured with kit Glucose (HK) 16-UV (Sigma). Free fatty acids were quantified by the method of Shimizu et al (30) . Insulin concentrations were measured by radioimmunoassay with the coated tube 125 I RIA kit (ICN Biomedicals, Costa Mesa, CA).
Statistical analysis
The 8-wk data were evaluated by a 2 ϫ 2 factorial analysis of variance (ANOVA) with the general linear model (GLM) procedure for unequal group size (31) . Tested at week 8 were the effects of treatment, time, and the interaction between diets consumed during weeks 0-4 and those consumed during weeks 4-8 on the result at week 8. Results at weeks 0, 4, and 8 were evaluated (SAS, version 6.12; SAS Institute Inc, Cary, NC) by ANOVA with the GLM procedure for unequal group size. Individual differences within weeks 0, 4, and 8 were evaluated by Dunnett's test. For each lipid class, multivariate analysis of variance (MANOVA) was used to test for significant differences between the entire fatty acid profiles of the standard and modified diets for plasma, erythrocytes, and platelets (32) . Wilks' lambda from the MANOVA is the equivalent of the univariate ANOVA F test of the H 0 hypothesis (no treatment effect) (32) . MANOVA levels ≤ 0.05 were considered significant.
RESULTS

Food intake and composition and body composition
The calculated composition of the subjects' self-selected diets for the 7 d immediately preceding the experiment was not significantly different from the calculated composition of the standard diet for energy, carbohydrates, total fat, SFAs, MUFAs, and cholesterol ( Table 3) . Self-selected protein consumption, however, was significantly lower than the calculated value for the standard diet. For both experimental diets, there were significant differences between calculated and measured protein, carbohydrate, fat, and cholesterol concentrations. In addition, by MANOVA, the calculated and measured fatty acid profiles of the standard diet were significantly different. The measured standard and modified diets did not differ significantly in energy, protein, carbohydrate, fat, or cholesterol content. As expected, however, striking and significant differences were observed in the measured fatty acid profiles of the standard and modified diets: SFA content, 39.9% compared with 25.0%, respectively; MUFA content, 44.8% compared with 34.0%, respectively; and PUFA content, 15.3% compared with 41.0%, respectively. As shown in Table 4 , the modified diet contained lower amounts of SFAs (14:0, 16:0, and 18:0) and MUFAs (16:1,18:1nϪ9, and 18:1nϪ7) and higher amounts of PUFAs (18:2nϪ6 and 18:3nϪ3) than did the standard diet (P < 0.0001). The ratio of PUFAs to SFAs for the pork products from the pigs fed the standard diet was 0.54 for ground pork, 0.18 for pork chops, and 0.24 for lard. The ratio of PUFAs to SFAs for the pork products from pigs fed the modified diet was 1.84 for ground pork, 1.41 for pork chops, and 2.08 for lard. Body fat content, BMI, and waist-to-hip ratios of the subjects were not significantly different from baseline at weeks 0, 4, and 8 regardless of the diet fed.
Plasma cholesterol concentrations
Total plasma cholesterol, LDL-cholesterol, HDL 2 -cholesterol, and HDL 3 -cholesterol concentrations were not significantly different among the 2 experimental groups at week 0 ( Table 5 ). The (ANOVA followed by test of least significant difference). SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
2 Calculated by using NUTRITIONIST 4 (N-Squared Computing, Salem, OR).
3 Measured values were from composite daily food samples. Fifty-six composite daily food samples were collected from both the standard and the modified diets. During processing, 6 were lost from the standard group and 7 from the modified group. 4 Calculated from measured consumption of the analyzed food samples.
2 ϫ 2 factorial ANOVA of the week 8 data indicated that the diet from weeks 0-4 had no significant effects on the results at week 8 (column A). Also, the week 8 results did not depend on the previous dietary treatment of weeks 0-4 (column A ϫ B). For total and LDL-cholesterol concentrations, only the dietary regimen of weeks 4-8 had significant effects at week 8 (column B). Therefore, the 4 groups at week 8 were collapsed into 2 groups that represented the dietary regimen of only weeks 4-8. Significant decreases in total plasma cholesterol and LDL-cholesterol concentrations were noted at week 8 in subjects fed the modified diet. Concentrations of HDL 2 and HDL 3 cholesterol did not change significantly during the course of the dietary treatments. The ratios of total to LDL cholesterol and of LDL to HDL cholesterol were not significantly different at weeks 0, 4, and 8.
Fatty acid profiles of plasma lipid classes
No significant differences in the fatty acid profiles of the plasma cholesteryl esters, free fatty acids, phospholipids, and triacylglycerols were observed at week 0 ( Table 6 ). The 2 ϫ 2 factorial ANOVA of the week 8 data indicated that the diet from weeks 0-4 had no significant effect on the results at week 8 (column A). The week 8 results also did not depend on the previous dietary treatment of weeks 0-4 (column A ϫ B). In all plasma lipid classes, only the dietary regimen from weeks 4-8 had significant effects on the final fatty acid profiles at week 8 (column B). Therefore, the 4 groups at week 8 were collapsed into 2 groups that represented the dietary regimen of only weeks 4-8.
As tested by MANOVA, SFAs and MUFAs were significantly lower and PUFAs were significantly higher in all plasma lipid classes at week 4 in the subjects fed the modified diet than in those fed the standard diet. These same significant differences were observed at week 8.
Fatty acid profiles of erythrocytes
The fatty acid profiles of the erythrocyte cholesteryl esters, free fatty acids, phospholipids, and triacylglycerols were not significantly different at week 0, as shown in Table 7 (MANOVA). The 2 ϫ 2 factorial ANOVA of the week 8 data indicated that the diet from weeks 0-4 had no significant effects on the results at week 8 (column A). The week 8 results also did not depend on the previous dietary treatment of weeks 0-4 (column A ϫ B). The dietary regimen from weeks 4-8 had significant effects on the final fatty acid profiles at week 8 when significant dietary effects were observed (column B). PUFAs in the erythrocyte free fatty acid fraction were significantly higher at weeks 4 and 8 in the subjects fed the modified diet than in subjects fed the standard diet. Major changes in fatty acid patterns were observed mostly in the erythrocyte triacylglycerol fraction at week 8; in this fraction, MUFAs were significantly lower and PUFAs were significantly higher in the subjects fed the modified diet than in those fed the standard diet.
Fatty acid profiles of platelets
The fatty acid profile of platelet total lipids was not significantly different at week 0, as shown in Table 8 (MANOVA). The 2 ϫ 2 factorial ANOVA of the week 8 data indicated that the diet from weeks 0-4 had no significant effects on the results at week 8 (column A). The dietary regimen from weeks 4-8 had a significant effect on the final fatty acid profile at week 8 only for a very modest change in PUFAs (column B). A significant carryover effect of the SFA differences from weeks 0-4 on weeks 4-8 was evident (column A ϫ B). The platelet PUFA content was slightly higher at week 8, but not strikingly so, in the subjects fed the modified diet than in those fed the standard diet.
Plasma metabolites and insulin
Plasma metabolite and insulin concentrations were measured in 20 subjects, who were split into groups fed either the standard DIETARY PUFA LOWERS LDL CHOLESTEROL IN WOMEN 183 (n = 11) (n = 9) (n = 11) (n = 10) (n = 9) or the modified diet. At week 0, the plasma triacylglycerol concentration was 1.0348 ± 0.1197 mmol/L (x -± SEM), the free fatty acid concentration was 0.7080 ± 0.0440 mmol/L, the glucose concentration was 3.9528 ± 0.0820 mmol/L, and the insulin concentration was 98.7367 ± 5.9371 mmol/L. Plasma triacylglycerol, free fatty acid, glucose, and insulin concentrations did not change significantly in any group during the 8-wk experimental period.
DISCUSSION
Persons at risk of cardiovascular disease should decrease their plasma concentrations of total and LDL cholesterol. Reducing dietary fat, especially SFAs, is an important recommendation for meeting this goal (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . It is expected, however, that consumers will continue to choose traditional food products, such as pork. In our experiment, pork products with a high PUFA content were substituted for standard pork in the diet. Our modification of the swine feed ingredients to increase the PUFA concentration of the feed resulted in pork and lard with a higher amount of PUFAs and lower amounts of SFAs and MUFAs than in standard pork. Inclusion of the modified pork products in complete diets resulted in a diet with a high content of PUFAs and a low content of SFAs and MUFAs (Tables 3 and 4) . Others have also shown that the fatty acid composition of swine tissues can be easily changed by modifying swine feed ingredients (33) (34) (35) (36) .
When calculating the composition of the experimental diets, we assumed, on the basis of the research of Marshall and Judd (37) , that the calculated composition of the diets would be comparable with the analyzed composition. However, the measured protein, carbohydrate, and fat contents of the standard diet were significantly different from the calculated contents (Table 3 ). The energy measured as fat in the standard diet was much higher than the calculated fat for the standard diet. Analyzed percentages of SFAs, MUFAs, and PUFAs were similar to the calculated percentages. There were no significant differences in the measured protein, carbohydrate, and fat contents of the modified and standard diets because these diets were the same except for the source of pork and lard.
The difference in calculated compared with measured values for energy from fat for the standard diet may have been the result of the choices that the NUTRITIONIST IV program gave for the cuts of meat and the actual composition of the meat used to make the ground pork. When the pork was processed, sufficient pork chops were saved to complete the feeding study. Then, all remaining edible muscle meats were combined and ground. This was not a choice in the NUTRITIONIST IV database. For the purposes of calculating and planning, we assumed that the composition of the ground pork was comparable with that of ground shoulder meat. The small number of pigs used for each diet group may not have been representative of the larger number of
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by guest on June 29, 2017 ajcn.nutrition.org samples inherent in the database. The dietary fatty acid analysis of the modified diet indicated a significant shift from SFAs and MUFAs to PUFAs (Tables 3 and 4) , which reflects the fatty acid content of soybean oil. Our experience clearly shows that it is importance to verify diet composition by actual analysis.
Our data show that when the modified pork was included as part of a complete diet, plasma total and LDL-cholesterol concentrations decreased compared with values in subjects who consumed the standard diet (Table 5 ). These changes likely reflect events at the cellular level. Exogenous SFAs increase serum LDL-cholesterol concentrations by decreasing the number of LDL receptors (38) (39) (40) (41) (42) (43) (44) . A decrease in the number of LDL receptors decreases the fractional catabolic rate of LDL cholesterol and therefore increases the circulating LDL-cholesterol concentration. VLDL remnants also attach to LDL receptors. Therefore, if the number of LDL receptors decreases, more VLDL remnants will remain in circulation to be converted into intermediate-density lipoprotein and LDL. When dietary SFAs were replaced with PUFAs by feeding the subjects the modified diet, the total and LDL-cholesterol concentrations probably decreased because the receptor repression by SFAs was removed. Alternatively, LDL production may have been suppressed by the high dietary PUFA content.
The data reported here (Table 5 ) confirm similar findings of other authors who directly replaced SFAs in the diet with PUFAs. Meta-analyses of many published studies indicate that dietary SFAs increase serum cholesterol and dietary PUFAs decrease serum cholesterol (45) (46) (47) (48) . MUFAs generally do not have a significant effect on serum cholesterol. High amounts of dietary cholesterol alone increase serum total cholesterol (45) . In our experiment the changes in LDL-cholesterol concentrations were parallel to the changes in serum total cholesterol concentrations, as was reported by others (45) (46) (47) (48) .
MUFAs and PUFAs are reported to decrease total cholesterol, LDL cholesterol, and HDL cholesterol by several mechanisms, including decreased LDL apolipoprotein B production rates and increased HDL apolipoprotein A-I catabolism in monkeys (49, 50) . In addition, PUFAs are reported to increase LDL apolipoprotein B catabolism (49) . PUFAs may also decrease total and LDL cholesterol by modifying the oxidation-reduction or phosphorylation state of a nuclear transcription protein that governs the synthesis of fatty acid synthase, acetyl-CoA carboxylase, or stearoyl-CoA desaturase (51, 52) .
By week 4, changes in the fatty acid profiles were observed within all the lipid classes (Table 6 ) before changes in cholesterol concentrations were (Table 5) . At week 8, the fatty acid profiles of the plasma cholesteryl ester, free fatty acid, phospholipid, and triacylglycerol fractions reflected the influence of the diet fed during weeks 4-8 regardless of the diet fed during weeks 0-4 (Table 6 ). This indicates that a 4-wk feeding period was long enough to observe changes in plasma lipid fatty acid composition. In all of these plasma lipid fractions, the modified pork diet resulted in a fatty acid profile with a higher amount of PUFAs. The changes in plasma fatty acids in all lipid classes were more dramatic than those in erythrocytes (Table 7) or platelets (Table 8) .
Because lipids in platelets are predominantly phospholipids (53), we analyzed the total fatty acid profile in the platelets. The changes in fatty acid profiles enabled us to assess adherence to the experimental diets (54, 55) . Plasma phospholipid fatty acid changes due to dietary intakes of different concentrations of fatty acids are reported to reflect the same changes in liver and bile phospholipid fatty acid in piglets (56) . The dramatic and more rapid changes in fatty acid profiles within the plasma lipid classes may indicate that changes in liver occur more rapidly than do changes within erythrocytes and platelets and that changes within the liver are more reflective of dietary manipulations than are changes in either erythrocytes or platelets. Serum cholesteryl esters and triacylglycerols need Ϸ2 wk to equilibrate (54) . Erythrocyte membranes require 4-6 wk to equilibrate but can indicate significant changes after 8 d (54) . Platelets have a half-life of 4 d. Therefore, the fatty acid profile of platelets might be a good indicator of dietary fatty acid intake after 4 wk (54). We did not confirm this observation. Our data indicate that plasma fatty acids in the lipid classes measured were good indicators of the type of dietary fatty acid ingested.
In summary, modification of the fatty acid composition of pork and lard to increase the concentration of PUFAs and incorporation of the resultant pork and lard into a complete diet for collegeaged women resulted in a significant decrease in plasma total and LDL cholesterol. There was also a significant change from SFAs and MUFAs to PUFAs in plasma and erythrocytes. Pork designed to contain a higher PUFA content did not significantly change the subjects' plasma glucose, insulin, triacylglycerol, or free fatty acid concentrations. The decreases in plasma total cholesterol, LDL cholesterol, and SFA contents were most likely a response to the decreased dietary intake of SFAs. This project shows that modification of the fatty acid composition of traditional animal foods, such as pork, will be a useful approach to lowering the amount of saturated fat consumed by Americans.
